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The present invention relates to degradable polymer compositions 
capable of being formed by heat and pressure into articles having 
good dimensional stability and physical properties* These compo- 
sitions comprise an esterif ied starch preferably an amy lose con- 
tent of at least about 50%, and a linear polyester. 



Background to th e Invention 

It is known that starch in the presence of water may be heated 
under pressure to form a suitable melt for the production of 
shaped articles. Such starch-based shaped articles may exhibit 
the disadvantages of relatively poor physical properties under 
high relative humidity and a relatively high tendency to 
embrittle under relatively low humidity conditions. 



Attempts to overcome these problems by the replacement of the 
above mentioned starch by starch esters having a low degree of 
substitution and plasticized by water or glycerol improved the 
melting behaviour of the material, but the performance at low and 
high relative humidities remained substantially unchanged. 

It is the object of the present invention to overcome, at least 
in part, the above mentioned disadvantages. 

Summary of the Invention 

According to the present invention there is provided a composi- 
tion as obtained from a melt comprising of an esterif ied starch 
and a linear polyester. 

The starch ester may be selected from the group consisting to 
Co -starch esters preferably from the group consisting of starch 
acetates, starch propionates, starch butyrates, starch pentano- 
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ates, and starch hexanoates, and mixtures thereof. 

The linear polyesters may be selected from known linear 
polyesters, for example from tho se derive d from hydroxy car boxy lie 
acids and those derived from the combination of a diacid and a 
diol. 

The ester if ied starch as used in this invention may be made from 
a starch as obtained from potatoes, rice, tapioca, maize, pea, 
rye, oats, barley and wheat with the respective known amy lose 
contents. In one embodiment of the invention the starch ester 
is derived from a starch having an amy lose content of at least 
about 50% by weight with respect to that of the dry starch. 

The composition may further include one or more members selected 
from the group consisting of extenders; fillers; wood derived 
materials; oxides of magnesium, aluminum, silicon, and titanium; 
alkali and alkaline earth metal salts; lubricants; mold release 
agents; acid scavengers; plasticizers; uv stabilizers; coloring 
agents; flame retardants; antioxidants; thermal stabilizers; and 
mixtures thereof. 

The invention further provides a composition which may be formed 
into articles selected for example from the group consisting of 
bottles, strands, sheets, films, packaging materials, pipes, 
tubes, lids, cups, rods, laminated films, sacks, bags, cutlery, 
pharmaceutical capsules, foams, granulates and powders. 

The present invention further provides compositions, which may 
be shaped into such articles by a process selected from the group 
consisting of extrusion, injection molding, compression molding, 
filming, blow molding, vacuum forming, thermoforming, extrusion 
moulding, co-extrusion, foaming, profile extrusion and combina- 
tions thereof. 

The invention still further provides compositions capable of 
being formed by heat and pressure into articles having good 
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dimensional stability and physical properties. These compositions 
comprise an esterif ied starch, and a linear polyester* A 
preferred embodiment of the invention is that the esterif ied 
starch is derived from a starch having an amylose content of at 
least about 50% by weight with respect to the weight of the dry 
starch. Molded articles based on these compositions do not have 
a tendency to embrittle at low relative humidity and possess good 
mechanical properties at high relative humidity. 

According to the present invention the addition of a plasticizer 
is eliminated, i.e. the compositions can"T5e ^molded without the 
addition of a low molecular weight plasticizer, which enhances 
the properties of the molded product, especially the dimensional 
stability at high or low relative humidities and at the same time 
retaining excellent bi^odegradability properties . Furthermore the 
mixing properties of the components of the inventive composition 
are excellent, which leads to good processing behaviour. 

The present invention further provides a process for making a 
melt of the inventive composition as described herein, comprising 
heating an esterif ied starch, preferably having a degree of 
substitution of at least about 1.5 and preferably an amylose 
content of at least about 50% in the presence of a linear 
polyester as described herein to an elevated temperature and 
plastifying the thus heated composition until a uniform melt is 
obtained. 

The present invention further refers to the use of a linear 
polyester as described herein as a plasticiser for an esterif ied 
starch in the process of melt formation. 

The present invention will be further apparent from the following 
description taken in conjunction with the accompanying examples 
and appended claims. 
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^,;iori DeP ~J r +4»n of th* Tnventtei 

wording to the present invention ^ is ^ ^ posi- 
tion as obtained from a melt comprising of esterif ied st 
a linear polyester. 

The esterif ied starch may be selected from the group consisting 
Tto t-tarch esters and preferably is a C, to C,-starch esters. 

It is particularly preferred that the esterif ied starch is selec- 
ted from the group consisting of starch acetates, starch propio 
nates, starch butyrates, starch pentanoates, and starch ^hexano 
ates, and mixtures thereof. The most preferred are . M esters 
havingmo re than two^ arbgn_atogg, in the carbonyl residue. 

The starch ester may be a mixed_ester, i.e. may contain at least 
two different ester residues,., attached to . the same starch 
m :hSuIe71t "is-' preferred that such mixea.es t 
le ast two members selected from the group consisting <*™^ 
propionate, butyrate, pentanoate, hexanoate, heptanoate, 
octanoate residues bound to the same starch molecule. 

Particularly preferred mixed starch diesters comprise of both 

or both propionate and butyrate groups bound to the same starch 
molecule. 

Furthermore, the starch ester may be a physical_blend of at least 
Z different starch esters. Xt is most preferred thatch phy 
sical blends of starch esters comprise at least twojnembers with 
different degrees of substitution selected from the 
ting-of-starch a-iitate-s, starch propionates, starch 
starch pentanoates, and starch hexanoates; or at least r 
femurs whereby each member is ^^t^^^^ 
of said starch esters, the at least one members having the same 
or a different degree of substitution. 
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In the case of mi xed star ch diesters, the ratio of the types of 

— - — i "in 

ester groups comprised by the starch ester may vary greatly, but 
is in the range of about 1:1 to about 1:20, preferably in the 
range of 1:10 to about 1:20, and more preferably in the range of 
1:15 to about 1:20. This means that if the intention is to 
prepare substantially a starch acetate, the starch acetate 
predominantly contains acetate groups and for example about 5 to 
about 20 mol% of propionate groups with respect to all the ester 
groups present. On the other hand if the intention is to produce 
substantially a starch propionate, then the acetate ester group 
or any other ester group will be present in an amount of about 
5 to about 20 mol% with respect to all the ester groups present. 
Mixed esters are of higher importance for ace tates and propio- 
nates and less important for starch esters with C 4 to C^-ester 
residues. The total degree of substitution of the ester if ied 
starch is from about 1.5 to ^about--2-.-9 , and it is more preferred 
that this degree of substitution is from 1.8 to about 2.9, 
independent of the type of substitution. The most preferred 
degree of substitution is from about 1.8 to about 2.5. Examples 
of starch esters are given in Table 1. 
Table 1 DS = degree of substitution 



Example No. 


starch type 


ester type 


DS 


1. 


corn 


acetate 


1.75 


2. 


corn 


acetate 


2.58 


3. 


corn 


propionate 


1.84 


4. 


corn 


propionate 


2.47 


5. 


Hylon VII* 


acetate 


1.83 


6. 


Hylon VII* 


acetate 


2.34 


7. 


Hylon VII* 


acetate 


2.81 


8. 


Hylon VII* 


propionate 


1.89 


9. 


Hylon VII* 


propionate 


2.55 



t 
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* Hylon VII is a high amy lose corn starch with an amy lose content 
of about 70%, sold by National Starch and Chemical Co, USA. 

Examples of mixed starch esters are given in Table 2. 
Table 2 

* =» degree of substitution pro 'ate = propionate 
corn** = Hylon VII but' rat e= butyrate 



Ex. Nr. 


starch 
type 


amy lose 
content 


ester 
type 

(1) 


ester 
type 

(2) 


ratio 
ester 1 

ester 2 


total 
DS* 


10. 


corn 


27% 


acetate 


pro ' ate 


25:75 


2.36 


11. 


corn 


27% 


acetate 


pro 'ate 


50:50 


1.85 


12. 


corn 


27% 


acetate 


pro' ate 


75:25 


1.60 


13. 


corn 


27% 


acetate 


but 'ate 


05:95 


1.82 


14. 


corn 


27% 


acetate 


but 'ate 


40:60 


2.05 


15. 


corn 


27% 


acetate 


but 'ate 


95:05 


2.59 


16. 


corn** 


70% 


acetate 


pro 'ate 


25:75 


2.06 


17. 


corn** 


70% 


acetate 


pro 'ate 


50:50 


1.84 


18. 


corn** 


70% 


acetate 


pro 'ate 


75:25 


1.77 


19. 


corn** 


70% 


acetate 


but 'ate 


05:95 


1.87 


20. 


corn** 


70% 


acetate 


but 'ate 


40:60 


2.06 


21. 


corn** 


70% 


acetate 


but 'ate 


95:05 


2.73 



Within the scope of this invention, any type of commercially 
available starch to produce the esterified starch may be used 
such as native starch selected from potatoes, rice, tapioca, 
maize, pea, rye, oats, barley and wheat. A preferred embodiment 
of the invention is that the amy lose content of the starch is at 
least about 50% and preferably higher than this, typically being 




• 
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in excess of about 70% by weight with respect to that of the dry 
starch. 

A highly suitable starch is the high amy lose genetically modified 
corn starch, Hylon* VII, having an amy lose content of about 70%, 
available from National Starch and Chemical Company, Bridgewater, 
New Jersey 08807, USA. Such starch is subsequently esterified, 
e.g. acetylated or propionated to a degree of substitution of at 
least 1 . 5 and preferably 1.8. 

A particularly suitable esterified high amylose starch is Hylon 
VII acetylated or propionated, preferably propionated, to a 2.4 
degree of substitution. 

Particularly suitable esterified high amylose starch mixed esters 
are acetate and propionate in a 1:10 ratio, preferably in a 1:15 
to a 1:20 ratio. 

\tj The linear polyesters as used in the present invention may be of 
the type as derived from hydroxy-carboxylic acids. Said hydroxy- 
carboxylic acids correspond to the general formula: 

HO -(C.HjJ-COOH < 1 > 

where n is an integer from 1 to 21, preferably an integer from 
1 to 7, and more preferably is 1, 2, 3, 4 or 5. 



Such acids are for example gJLycolic^ acid (n - 1) , lacticacid (n 
= 2 and wherein the hydroxy! group is fixed in the alpha- 
position) , hydroxy butyric acid and hydroxy isobutyric acid (n 
= 3) , hydroxy valeric acid (n = 4) , hydroxy caproic acid (n = 5) 
where in each case the hydroxy group is fixed in the terminal 
~\, position. 

Methods for the preparation of linear polyesters of the type as 
derived from such hydroxy-carboxylic acid are known in the art. 



Many of these hydroxy-car boxy lie acids are known to form a cyclic 
ester, i.e. a lactone, which is prefer abl y used fo r producing the 
corr esponding polyester *. Hydroxy-caproic acid for example forms 
a cyclic ester known as 6 -capro lactone ] which can be polymerized 
as such. Such lactones are known. Preferred from such poly lac- 
tones is poly (6-caprolactone) . 

The linear polyesters, derived from the combination of a diacid 
and a diol, as used in the present invention may be described by 
the following formula: 

0 0 0 0 

11 11 11 1 

HO -[R-O-C-R'-C-O-R-O-C-R'-C-O]- (2) 

where R is an aliphatic hydrocarbon residue with 2, 4 or 6 carbon 
atoms; and R' is an aliphatic saturated or unsaturated divalent 
hydrocarbon residue with 2 to 22 carbon atoms. 

Examples of preferred linear polyesters can be described by the 
following formula: 




HO -(CH 2 -CH 2 -0)-ig^(CH 2 ) x -& = 0^(CH 2 -CH 2 -0)- (3) 

wherein x is 2 (poly (ethylene succinate)) or x is 4 (poly-, 
(ethylene adipate) ) . 

The linear polyesters as used in the present invention may be, 
as mentioned, derived from a hydroxy -car boxy lie acid or a mixture. 
o f such aci ds or from a corresponding lactone or a mixture of 
such lactones. The linear polyesters may also be a ^physic aj. 
"mixture of- dTiT^re7rt>-polyester types . Examples of such linear 



polyesters include poly (3-^ropiolactone) , poly (5 -valero lactone) , 
poly (6-caprolactone) , poly (6-decalactone) , poly (7-enamtho- 
lactone) , poly (8-caprylolactone) , poly(12-laurolactbne) , poly(15- 
pentadodecanolactone) , poOy(hydroxybutyrate) , poly (hydroxy- 
valerate) • Preferred from these are poly (3-propiblactone) , 
poly(S-valerolactone) , poly (6-caprolactone) , poly (hydroxy buty- 
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rate) , poly (hydroxyvalerate) and poly (hydroxybutyrate-co- 
valerate) and mixtures thereof. Still more preferred are poly (5- 
vaierolactone) , ^~ poly ( 6-caprolactone) , poly (hydroxybutyrate) , 
poly (hydroxyvalerate) and poly (hydroxy butyrate-co- valerate) and 
mixtures thereof- Most preferred are poly (6-caprolactone) , 
poly (hydroxybutyrate-co-valerate) , and mixtures t hereof . 

Preferred examples of linear polyesters, derived from the 
combination of a diacid and a diol, as used in the present 
invention are poly (ethylene succinate), poly (ethylene adipate) , 
and mixtures thereof. Preferred from this polyester type is 
poly (ethylene succinate) . 

These linear polyesters generally have a weight average molecular 
weight greater than 10,000. The poly (caprolactone) for example 
may have an average molecular weight from about 10 '000 to about 
250'000. 

The linear polyester as used in this invention may be present in 
the composition in a amount of from 10 to 95% by weight with 
respect to that of the composition, but preferably is present in 
the composition in an amount of from 20 to 75% by weight with 
respect to that of the composition. Host preferably the linear 
polyester is present in an amount of about 25 to 55% by weight 
of the total composition. It is within the knowledge of the 
persons skilled in the art to optimize the concentration for each 
linear polyester type used. 

The poly (6-caprolactone) , for example, is present in the 
composition preferably in the amount of from 10 to 95% by weight 
with respect to that of the composition, preferably in an amount 
of from about 20 to 75% by weight with respect to that of the 
total composition. Host preferably poly (6-caprolactone) is 
present in an amount of about 25 to 55% by weight of the total 
composition. 

A most particularly preferred composition according to the 
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present invention comprises a Hylon-VTI propionate having a 
degree of substitution of about 171^1. 5," most prteferably 1.37, 
and a poly caprolactone which is present in~"€he composition iiT~an 
amount of at least 35 weight percent, preferably at least 50% 
with respect to the total composition. 

Plasticizers used in this invention include, but are not limited 
to glyceryl triacetate , tr iethyl citrate , acetyl triethy 1 
citrate, tributyl citrate, acetyl tributyl citrate, diethyl 
phthalate, glyceryl tribenzoate, N-ethyl-o,p-tbluene sulfonamide, 
dimethyl sebacate, dibutyl sebacate, pentaerythritol tetraace- 
tate, pentaerythritol tetrabenzoate, and diethyl succinate. 

Preferred from these are glyceryl triacetate, acetyl tr iethyl 
citrate, triethyl citrate, tributyl citrate, dimethyl sebacate, 
N-ethyl-o,p-toluene sulfonamide, and diethyl succinate. And most 
preferred are glyceryl triacetate, N-ethyl-o,p-toluene sulfon- 
amide, acetyl triethyl citrate. — — - 

The plasticizers as used in this invention may be present in the 
composition in a amount of from 1 to 50% by weight with respect 
to that of the composition, but preferably is present in the 
composition in an amount of from 3 to 40% by weight with respect 
to that of the composition. Most preferably the plasticizer is 
present in an amount of about 5 to 30% by weight of the total 
composition. It is within the knowledge of the persons skilled 
in the art to optimize the concentration for each plasticizer 
used. 

N-ethyl-o,p-toluene sulfonamide, for example, is present in the 
composition preferably in the amount of from 1 to 50% by weight 
with respect to that of the composition, preferably in an amount 
of from about 3 to 40% by weight with respect to that of the 
total composition. Most preferably N-ethyl-o,p-toluene 
sulfonamide is present in an amount of about 5 to 30% by weight 
of the total composition* 
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The composition according to this invention may further comprise, 
in an amount up to 60 % by weight, preferably in an amount up to 
35 % by weight and most preferably in an amount up to 25 % by 
weight of the total composition, one or more hydrophobic thermo- 
plastic polymer(s). The preferred lower limit is 5 % by weight 
and preferably 8 % by weight of the total composition. Preferred 
are such polymers containing polar groups such as hydroxyl, 
ether-, acid or ester groups. Such polymers are preferably 
selected from the group consisting of copolymers of ethylene, 
propylene or isobutylene such as ethylene/ vinyl acetate-copoly- 
mers (EVA) , ethylene/vinyl alcohol-copolymers (EVOH) , ethylene/- 
acrylic acid-copolymers (EAA) , ethylene/ ethyl acrylate-copolymers 
(EEA) , ethylene/methacrylate-copolymers (EMA) . 

The composition may further include one or more members selected 
from the group consisting of extenders; fillers; wood derived 
materials; oxides of magnesium, aluminum, silicon, and titanium; 
alkali and alkaline earth metal salts; lubricants; mold release 
agents; acid scavengers; UV stabilizers; coloring agents; flame 
retardants ; antioxidants ; thermal stabilizers ; and mixtures 
thereof . 

The composition further may comprise a native starch selected 
from and/or a chemically modified (non esterif ied) starch derived 
from potatoes, rice, tapioca, corn, pea, rye, oats, and wheat. 

The preferred thermal stabilizer and mold release agent are 
respectively butylated hydroxytoluene and stearyl stearamide 
which may be present in the composition in amounts respectively 
of from about 0.1 to about 2.5%. and from about 0.1 to about 1.5% 
with respect to the total formulation. 

The present inventive composition may be prepared as follows, but 
not limited to, pre-blending the components of each blend in a 
suitable intensive mixer, such as a Henschel; heating suffici- 
ently and melt-mixed using a 25 mm Berstorff co-rotating twin- 
screw extruder; cooling and pelletizing the extrudate with equip- 
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ment typically found in thermoplastic compounding. 

The composition according to this invention may be formed into 
articles selected for example from the group consisting of 
bottles, strands, sheets, films, packaging materials, pipes, 
tubes, lids, cups, rods, laminated 'films, sacks, bags, cutlery, 
pharmaceutical capsules, foams, granulates and powders. The 
following Examples also demonstrate the extrusion and injection 
mouldability of the present inventive compositions, which may be 
shaped into such articles by a process selected from the group 
consisting of extrusion, injection molding, compression molding, 
filming, blow molding, vacuum forming, thermoforming, extrusion 
moulding, co-extrusion, foaming, profile extrusion and combina- 
tions thereof* 

ASTM (ASTM type I) tensile bars test specimens were molded on a 
1.0 ounce Arburg 170 CMD injection molding machine using a mold 
suitable for commercial thermoplastic materials. 

All samples were conditioned for two weeks at 10, 50, and 90 
percent relative humidity and 25 °C. 

All mechanical tests were performed under ASTM D-638 protocols. 
Water content was determined by the Karl Fisher titration method. 

Mechanical properties of the Examples are summarized in Tables 
3 and 4. The invention will be further apparent from the 
following Examples. 

Example 1 

A bl end consists of 80.0 percent of high amylose starch 
propionate with a 2.4 degree of substitution and 20.0 percent of 
V low molecular weight (average molecular weight about 40'000) 
poly (6 -capro lactone) and stabilized and lubricated with 1.0 
percent of Boeson (mixture of mono, di, and triglyerides) and 0.5 
percent lecithin (phosphatide) . As the relative _ ,h»jp*flity in- 
creases, this material surprisingly retains much of its 
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stiffness. 
Example 2 

A blend consists of 74*1 percent of high amy lose starch 
propionate with a 2.4 degree of substitution and 25.9 percent of 
3" low molecular weight (average molecular weight about 40 '000) 
poly(6-caprolactone) and stabilized and lubricated with the same 
type as disclosed in Examples 1. As the relative humidity 
increases, this material, retains much of its stiffness. The 
approximately five percent increase in the amount of low 
molecular weight poly (6-caprolactone) significantly reduces the 
injection molding pressure necessary to make satisfactory molded 
articles without deleterious impact on mechanical properties. 

ftyamples 3*6 

Blends consist of between 60 and 75 percent of high amy lose 
starch propionate with a 2.4 degree of substitution and between 
25 and 40 percent of high molecular weight (average molecular 
l ^ weight about 70 ' 000) poly ( 6-caprolactone) and stabilized and 
lubricated with 0.5 percent butylated hydroxytoluene and 0.3 
percent stearyl stearamide with respect to the total formulation. 
As the rela tive humidity increases, these mater ials retain jpuch 
of the stiffness. The glass transition temperature is not changed 
significantly by the increase in the level of the high molecular 
weight poly (6-caprolactone) , however, toughness and ductility 
significantly improves without deleterious impact on stiffness 
and rigidity. 

Example 7 

A blend consists of 70 percent of high amylose starch propionate 
with a 2.3 degree of substitution, 25 percent of a high, molecular 
^ i weight (average molecular weight about 70'000) poly (6-capro- 
lactone) , and 5 percent of N-ethyl-o,p- toluene sulfonamide and 
stabilized and lubricated with the same type and level of 
additives as disclosed in Examples 3-6. The addition of N- 
ethyl-o,p-toluene sulfonamide significantly reduces the injection 
molding pressure necessary to make satisfactory molded articles 
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without deleterious impact on mechanical properties or sensiti- 
vity towards changes in relative humidity. 

Example 8 

A blend consists of 70 percent of high amylose starch propionate 
with a 2.3 degree of substitution and 30 percent of a hydroxybu- 
tyrate homopolymer and stabilized and lubricated with the same 
type and level of additives as disclosed in Examples 3-6. 

Rvam p^e 

A blend consists of 70 percent of high amylose starch propionate 
with a 2.3 degree of substitution and 30 percent of a hydroxybu- 
tyrate-hydroxyvalerate copolymer and stabilized and lubricated 
with the same type and level of additives as disclosed in Example 
8. 

Example 10 

A blend consists of 70 percent of high amylose starch propionate 
with a 2.3 degree of substitution and 30 percent of poly (ethylene 
succinate) and stabilized and lubricated with the same type and 
level of additives as disclosed in Example 8. 

It will be appreciated that it is not intended to limit the 
invention to the above examples only, many variations thereto and 
modifications thereof being possible to one skilled in the art 
without departing from the scope of the invention, which is 
defined by the appended claims. 
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